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PLATING METHOD 



Background nf th* Invention 

The present invention relates generaily ,„ the field of metal plating. In partieular rhe 
present mvention relates to the field of immersion silver plating. 

Immersion or displacement plating is an eleetroless plating process, but is given a 
separate classification in me art In immersion plating, deposition is by disp.acemen. of an 
elemental men,, fiom a substrate by metal ions m a plating solution. In electrons plating 
deposnton take, place primarily by autocatalytic reduction of metal ions from solution. Such 
eleetroless plating requires the presence of a reducing agent. 

Immersion plating does not employ an external electric current bu, rather is an 
electrochemical displacement reaction which is drtven by the position of me substrate metal ■„ 
e electiomotive series relative to me me., to be deposited from solution. Plating occu. when 
dtsso ved meta, ions in a plating bath are displaced by a more active (less noble) meta, tha, is 
contacted with the plating bath. 

h *■ ~ ° » »™g hoards, solderable finishes are typically appfied ,„ 
pnnted wtnng board substrates having pads and/or through ho.es exposed through a mask, such 
as a so.demrask. Such solderab.e finishes are often applied by immersion phtting as e,ectio.e SS 
Plating can also deposit meta, on the surface of the mask, which is undesirable. As an immersion 
Plating reaction is driven by the difference in e.ectrochemica, potentials, plating will only „ ccur 
a. areas of exposed metal. However, mere is a growtng demand for more environmentally 
acceptable alternatives ,„ lead for use in printed wiring hoard manufachrre. Thus, me use of lead 
and lead alloys in electronic components faces an uncertain future. 

Silver is a more environmentally acceptable alternative to lead and has been suggested 
for use as a solderable finish. As discussed above, the preferred method of depositing such a 
solderable finish is by immersion plating. For example, U.S. Patent No. 5,955,14. (Souter et a, ) 
dtscloses certain immersion silver plating baths suitable for depositing a layer of silver on a 
pnnted wiring board. 

Limitations on the use of immersion plating exist in printed wiring board manufacture 
Such hmttations include relatively slow plating rates and limited deposit thicknesses, which are 
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due ,o .he self-limiting nature of immersion p.ating, i.e. as me metal deposit builds, i« .ends .„ 
mask me underlying base metal, thereby preventing further displacement. These problems have 
conventionally been addressed using a broad range of additives in the immersion plating bam 
such aa rate enhancers. However, such additives may adversely affec. o.her importan, 
characteristics of the deposit, such as adhesion and deposit uniformity. 

Another problem with the use of conventional immersion silver plating baths is that the 
resulting silver deposit is typically uneven or non-uniform in thickness. Such uneven deposits 
have a significant variation in thickness across the deposit, i.e. the deposit is quite thick in certain 
areas and quite thin in others. Thus, layers of stiver of uniform thickness are very difficult to 
achieve with conventional immersion silver plating baths. 

Therefore, there is a need for a method of improving the uniformity of immersion plated 
stiver deposits. There is a further need for methods that do not adversely affect other important 
characteristics of the silver deposit obtained from immersion plating baths. 

Picolinic acid has been used in a tarnish remover composition for silver and copper see 
Indian Paten. No 163677. Zhuang et al., Hu^ej^baa, 1985, vol. 43, no. 2, pp UO-m 
dtsclose the eleottodeposition of silver from a p.a,i„g bam containing silver nitrate, ammon'ia and 
pyridine carboxylic acid. This article does not disclose the use of nicotinic acid in an immetaion 
or electroless silver plating bath. 



Summary of the Invention 

It has been surprisingly found that an immersion silver plating bath containing „„ e or 
more carboxylic acid-substituted nitrogen-containing heterocyclic compounds provides a layer of 
silver of a controlled titielcneas where the .ayer of silver has improved thickness uniformity and 
brightness as compared to silver deposit obtained from conventional immersion deposition 
methods without such a component. 

The present invention provides an immersion silver plating bath composition including 
one or more sources of silver ions, water, one or more complexing agents and one or more 
carboxylic acid-substituted nitrogen-eontaining heterocyclic compounds, wherein the bath ia free 
of ammonia and ammonium ions. 
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Also prov,ded by the present invention is a method of depositing a layer of silver on a 
substrate including the step of contacting a substrate having a layer of a metal mat is less 
electropositive than s „ver with an immersion silver plating bath including one or more sources of 
stiver tons, water, one or more cotnplexing agents, and one or more carboxylic actd-substituted 
mmtgen-comaining heterocychc compounds, wherein the bath is free of ammonia and 
ammonium ions. 

Further, the present invention provides a method of improving the thickness uniformity 
of a layer of silver deposited from an immersion silver bam including the steps of: a) providing 
an tmmersion silver plating bam including one or more carboxylic acid-substituted nitrogen- 
contammg heterocyclic compounds, one or more sources of stiver ions, water, one or more 
complexmg agents; and b) contacting a substrate having a metal layer that is less electropositive 
than stiver with an immersion stiver plating bath for a period of time sufficient to deposit a stiver 
layer of a desired thickness. 



Detailed Description nf the Invention 

As used throughout this specification, the following abbreviations shall have the 
followmg meanings, unless the context clearly indicates otherwtse: • C - degrees centigrade- ca 
- crca - approximately; g - gram; L - liter; g/L = grams per liter; mL - milliliters; wt% = ' 
percent by weigh,; DI - deioni Z ed; cm . centimeters; pin. . microinches; and pm - mtcrons - 
micrometers (1 jiin. = 0.0254 ^m). 

The terms "primed circuit board" and "printed wiring board" ate used interchangeably 
throughout mis specification. As user! throughout mis specification, the term "eomplexing 
agen." mcludes ligands and chelating agents. Unless otherwise noted, all amounts are percent by 
wetght and all tatios are by weigh,. Al, numerical ranges are inclusive and combinable in any 
order, exccp, where i, i s clear ,ha, such numerical ranges are constrained to add up to ,00%. 

The presen, invention provtdes a method of improving the thickness unifotmity of a layer 
of stiver deposited from an immetsion plating bath. The term "improving the thickness 
untformity" refers to a method of debiting a layer of silver ma, is more even in its thickenss 
across me deposit as compared to conventional methods. This is accomplished using an 
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«.„„ mng bath containing one or more sources of siiw 

Any water soluble silver salt may be used as the source of silver ions in th 

========= r:;~ 

nitrate. Mixtures of silver salts may also be used Th. 

typicallv ore^nt ■ ° r m0re S0Urces of silver ™s are 

typically present in an amount sufficient to provide silver ion, in ™i • 
from nn^tn 70 /r ^ uviae suver ions m solution ma concentration of 

irom 0.06 to 32 g/L, more typically from 0 1 tn ?<; „/t ^ 

g/ L . ^ y m 0J t0 25 8/1 and stl " mor e typically from 0.5 to 15 

Awidevarietyofcomplexing,orchelating,agentsmaybeu S ed Such chelating . , 

N.N.N ,N -teaaaceuc acid, bis-^droxyphenyO-e^ened^^ diacctic J 
.am,„ 0 , ohexane ^ add _ ^ eihy|en£ ^ ^ 

g '~: laCtate; Cro ™ ~ P*W* . 2^ 

".tnlotnethano^heteroaromatic compounds such as 2,2'-bipynd,„ e , ■« „„ ma 1 , 
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compiled. The <erm "stoioMo^ as used ' " '™ **> * 

more c„ m p Iexing agenls are ' "* heran ^ 10 & genera., me one or 

-en more «> 2 . 0 : 1 ,a„ds t i„ more JU>3oTl •™ re »>1.2: 1 , 
chaining nerroeyHc compel is * 

one or more of its hydro ' ^/T" " 8 teerocyclie moiety having 
vanery of m^enl"' " "» « ■* *™up S ,C0 2 „, A wide 

teerocydio compel may be ^ ' ^ Such 

include w ith „ utlimitationhydrox Ci . c ° b0th ' S "'^s U b stinjte „ tgroups 

carboxyLc acid-suhsrirured niujn 0 ^ ! ^ ^ 

limited to , pylidine cartoxv ,. , ' t " " C ° mP0,mdS """^ but » « 

P^e carboxyiic acids arepartcUariyn.eM r b "*"* ta "* * 

acid and fnsaric aoid. Such compound " ' ^ 

Sigma-Aldneh (MiJ Z " "* " *» 

conce„ tt a„„„ s «~ may he us* in a variety of 

» ta ;tX:! moratofmhc ~ isfomooito,M ^'«- 

1 10 3U ey en more typ cally from 0 5 tn is n n a •„ 

y ° m U5 t0 25 #^ and still more typically 
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^^^^^^^^^^ 

The tmtnersion silver plating ^ may optjonaU 

w agents, antt-tarmsfi agenB for sj|ver> Midatjon - r 
thickness enhancers, defoamers, and dyes When srtrfactan* .. • I 

hatha, meyare„ use d .nan an.1, o^TTlT 6 ^ ^ 
K *n a . „ 1 00 & L > more typ cally from 0 1 rn 

25 g/L, and still more typically from 1 to 1WT c u 'yiromu.ito 
w iy irom i to 15 g/L. Such surfactants may be anionic catinnir 

-,h agents may he ased in an amount frora 0 , 01 ,„ ta « 

andmoretypicallyfi-omO.OltoIOg^. ^' 
0™ ref!ners may be added , o . mprove m 

.» refiners mclude ( C,. Q) a,co„o,s and po,ya, k y, e „e glycols such . ^ 

Sneh gram refiners are typically used in an amount from 0 02 to 200 J „ 7 

0.05 to 100 g/L. ^" a " d P refera hly from 

silver ijnTTfi * *" ^ " ° f ^ «■»» 

stiver tons, ft ,s finther preferred that me immersion silver baths are free of cyanide ions 

amntonta (NH 3 ) and amtnoninm ions (i.e. NH/). ' 
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The immersion silver baths are tynicallv a u 
order, r^, ^ ^ ™ * -be above ingredients ,, 

with the solution in ^ orte ' 0a 1116 °Pt»»al ingredients may be combined 

Tbe immersion silver plating baths may be atritateH a , 

-cation. Stirring may be accomplish* by any ^ ^ 

stirrer, paddle stiver or sttoing bar _ J. «* as witb an everts 

- as by moving « he ^ „ J ^ »* * in a variety of ways, 

or by means of jet spray , such . " „ T ^ 3 «" <* «* bath, 

bubbling gas mt0 fte bath * **»■ barging may be aceomplisbed by 

^•P^no^y,^ 
"«"Sntaybeaccom„^^^ 

substantially oircnlar motion It will J. * ** " "» Subs *»e •» be plated in a 
^ofmeana.aueb^^JJ^^^^^.S.bcon.aetmaybebya 

memi nnderlayer prior to depositing an immer • , °" » a «*»* 
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may remain from incomplete development of photoresists as well as soldermask residues from 
copper surfaces. Such cleaning may be by any suitable cleaning processes and/or products. For 
example, when the metal layer is copper or a copper alloy, it is preferred that the metal layer is 
cleaned with an acidic cleaning composition. Such cleaning procedures are well within the 
ability of one skilled in the art. After cleaning, the substrate is typically rinsed, such as with 
water, and optionally dried. The metal layer may be microetched either before or after the 
cleaning step, and preferably after the cleaning step. Such microetching is accomplished by 
contacting the metal layer on the substrate with a microetching composition, such as sulfuric 
acid/hydrogen peroxide or an alkali metal persulfate such as sodium or potassium persulfate. 
When such a microetching step is used, the metal layer may then optionally be rinsed with water 
or an acid, such as with sulfuric acid, to remove any residues from the cleaning and/or 
microetching steps. 

Optionally, the metal to be silver plated may be contacted with a pretreatment 
composition after cleaning and before contact with the silver plating bath. Any suitable 
pretreatment composition may be used. Preferred pretreatment compositions include one or 
more azole compounds, water and a chelating agent. 

A wide variety of azole compounds may suitably be used in the present invention. 
Suitable azoles include, but are not limited to, triazoles, benzotriazoles, tetrazoles, imidazoles, 
benzimidazoles, indazoles and mixtures thereof. Such azoles may optionally be substituted. ' 

Particularly suitable azole compounds are benzotriazole, substituted benzotriazole, 
imidazole or substituted imidazole, and more typically benzotriazole, imidazole, (C,- 
C I6 )alkylimidazole, and arylimidazole. Phenylimidazole is the preferred arylimidazole. 
Exemplary (C.-C^alkylimidazoles include methylimidazole, ethylimidazole, propylimidazole, 
hexylimidazole, decylimidazole and undecylimidazole. Such azole compounds are generally ' 
commercially available, such as from Sigma-Aldrich (Milwaukee, Wisconsin) and may be used 
without further purification. The azole compounds may be used in the present invention in a 
wide range of amounts. Typically, the azole compound is used in an amount of from 0.005 to 50 
g/L. Other suitable amounts are from 0.005 to 20 g/L, and from 0.01 to 15 g/L. The specific 
amount of azole compound depends upon the particular azole chosen and its solubility in the 
pretreatment composition. 
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Such pretreatment compositions may be alkaline or acidic and have a pH of from 1 to 14. 
The pH of the pretreatment compositions may be varied in order to increase the solubility of the 
azole compound. For example, the solubility of hydroxybenzotriazole can be increased by 
increasing the pH of the pretreatment composition. 

A wide variety of organic and inorganic acids or organic and inorganic bases can be used 
to adjust the pH of the pretreatment compositions. Suitable inorganic acids include, but are not 
limited to: hydrochloric acid, hydrofluoric acid, fluoroboric acid, hydroiodic acid, periodic acid, 
phosphoric acid, sulfuric acid, and nitric acid. Suitable organic acids include, but are not limited 
to: alkylsulfonic acids, and arylsulfonic acids. Suitable inorganic bases include, but are not 
limited to, alkali metal hydroxides carbonates, and ammonium hydroxide. Suitable organic 
bases include, but are not limited to, tetraalkylammonium hydroxides, and amines. The acids 
and/or bases are typically present in the pretreatment compositions in an amount sufficient to 
provide the desired pH. 

Preferably, the pretreatment compositions further include one or more chelating agents. 
Such chelating agents may be monodentate ligands, such as ammonia, cyanide, and pyridine, or 
multidentate ligands. Preferably, the chelating agents are the same as those used in the 
subsequent immersion silver plating bath. Other additional components may optionally be used 
in the pretreatment compositions. Such additional components include, but are not limited to, 
surfactants, and metal ions. The surfactants may be anionic, cationic, nonionic or amphoteric'. 
When a surfactant is used in the present pretreatment compositions, it is typically present in an 
amount of at least 0.001 wt%, more typically at least 0.005 wt%, and still more typically at least 
0.01 wt%. Mixtures of surfactants may suitably be used. 

When metal ions are present in the pretreatment compositions, it is preferred that they are 
the metal on which silver is to be deposited. For example, when silver is to be immersion 
deposited on copper, it is preferred that any metal ions present in the pretreatment composition 
are copper ions. 

The amount of metal ions added to the pretreatment composition depends upon the 
particular metal that is less electropositive than silver, the particular azole compound used and 
the pH of the pretreatment composition. For example, when copper ions are present in the 
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pretreatment composition, they are typically present in an amount up to 1 g/L, and more typically 
up to 0.05 g/L. 

In general, the metal is contacted with the pretreatment composition for a period of time 
sufficient to increase the adhesion of a subsequently deposited layer of silver by immersion 
plating. Such period of time depends upon the particular metal and pretreatment composition 
used. Typically, a contact time of 1 second to 15 minutes is sufficient, more typically 5 seconds 
to 10 minutes, and still more typically 10 seconds to 5 minutes. 

After the metal has been contacted with the pretreatment composition, it is optionally 
rinsed, such as with water, and then optionally dried. Such a rinsing step is preferred. 

Silver is deposited according to the present invention by contacting a metal that is less 
electropositive than silver with the present immersion silver plating baths. Such contact may be 
by any suitable means such as dipping, spraying, and flood coating. When used in vertical 
plating equipment, the substrate is typically dipped in the present silver plating bath. When used 
in horizontal plating equipment, the substrate is typically contacted with the present silver plating 
bath by spraying or flooding. 

The contact time of the metal with the immersion silver plating bath is that amount 
sufficient to deposit the desired thickness of silver. Typically, the contact time is from about 10 
seconds to 15 minutes, more typically from 20 seconds to 15 minutes, and still more typically 
from 30 seconds to 12 minutes. 

The present immersion silver plating baths may be used at a variety of temperatures. 
Suitable temperatures include those in the range of from 10° to 70° C. Other suitable temperature 
ranges are from 15° to 60° C, and from 20° to 55° C. 

The silver deposit typically has a thickness of 35 uin. (0.9 urn) or less, more typically 30 
uin. (0.76 urn) or less, and even more typically 25 uin. (0.64 urn) or less. Following deposition, 
the silver layer may be rinsed such as with water. The silver layer may optionally be dried prior 
to subsequent processing steps. 

In general, the metal that is less electropositive than silver is a metal layer on a substrate. 
A wide variety of substrates having a layer of a metal that is less electropositive than silver may 
be plated according to the present invention. Suitable substrates include, but are not limited to, 
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jewelry, decorate objects, object d'art, semiconductor packagmg, lead frames, solder b„ mps 
meta, powder, metal foil such as copper foil, and printed wiring boa* substrate, The present' 
rnventionis p artlcularly suited for , ^ ^ ^ ^ 

Further, the present invention provides . mahod of manufactlm „ g , ^ ^ 
■ncludrug the steps of contacting a meta, that is ,ess electropositive than silver with an imtuera.on 
stiver pla mg bath containing one or more sources of silver ions, water, one or m „re complexing 
agents and one or more carbolic acid-substituted nitrogen-contaming heterocyclic compounds 
to prov.de a ,ayer of silver, wherein the immerston silver plating bam is free of ammonia and 
atnmomum ion , Such . sjlver , ayK ^ , ^ ^ ^ ^ 

Such solderable finishes a* ,ypica„y applied to a printed wiring board substrate having pads 
through bote and a mask, such as a soldemrask. h such a printed wiring board substrate, the 
exposed pads and tough holes generally contain a layer of copper. 

In yet another embodiment, the present invention is suitable for providing a printed 
wmg boa* snbsfiate having exposed pads and/or through holes including . fi n . silver aUoy as 
me solderable finish. Thos, the present invention taher provides a method for manufacturing a 
prtntedwrnng board mcludmg me steps of: a, providing a printed wiring board substrate 
pads, through holes, soldennask and a layer of a metal; b, depositing a layer of fin „„ fi, e meta , 
layer; c then contacting the fin p.ateo printed wiring board substrate with an tampion silver 
platmg bam includmg one or more sources of stiver ions, water, one or more complexing agents 
and one or more oarboxylic actd-substituted nitrogen-contaming heterocyclic compounds to 
form an immersion silver deposit on the fin deposit; and d) heating the silver-fin deposr, to form 
a mr^ver alloy. In one embodiment, the layer of meta, is a layer of a metal tha, is les s 
electropositive than fin and me fin is deposited from an immersion fin plating bam containing 
one or more sources of fin ions, water ^ 0 „ e or mK compfexing ^ fc ^ 

embodtmem, me layer of meta, is a layer of any condncfive metal and the fin is deposited by 
electroless or electrolytic plating. 

1 > atoh «™bodime„,,brigh«silverdeposi,sareob«ai„edby,hepre S en.me«hod 
rncludmg the step „f contacting a ^ ^ , ^ ^ ^ ^ . $ ^ ^ 

•han sdver with an mrmersion silver plating bam comprising one or more sources of silver ions 
water, one or more complexing agents and one or mote carboxylic acid-substituted nifiogen- ' 
contammg heterocyclic compounds, whetein the bath is free of ammonia and ammontum ions 
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When the present immersion silver plating baths have a pH > 8, and in particular at pH 9, 
silver deposits having improved thickness uniformity are obtained. However, the adhesion of the 
deposited silver layer deposited from these baths becomes diminished as compared to the 
adhesion of a silver layer deposited from a similar plating bath having a lower pH. Accordingly, 
it is preferred that when the immersion silver plating bath has a pH of > 8, that an adhesion 
promoter be added to the immersion silver plating bath. Exemplary adhesion promoters include, 
but are not limited to, amino acids such as glutamic acid, glycine, lysine, P-alanine and aspartic 
acid; hydroxy-substituted aromatic compounds such as hydroxybenzotrazole and 5- 
methoxyresorcinol; and sulfur-containing carboxylic acids such as mercaptodiacetic acid. The 
use of such adhesion promoters in immersion silver plating baths that do not contain at least one 
carboxylic acid-substituted nitrogen-containing heterocyclic compound results in silver deposits 
that are dark (i.e. not bright) and non-uniform in thickness. Surprisingly it has been found that 
immersion silver plating baths containing both at least one adhesion promoter and at least one 
carboxylic acid-substituted nitrogen-containing heterocyclic compound where the bath has a pH 
of > 8 provide bright, highly adherent silver deposits having improved thickness uniformity as 
compared to silver deposits obtained from conventional immersion silver plating baths. 

A wide variety of post-treatments may be used to treat the silver layer deposited 
according to the present invention. For example, it is well known that silver, such as in silver 
films, tarnishes upon prolonged exposure to air. Thus, in certain applications it is desirable to 
contact the freshly deposited silver layer with a tarnish inhibitor or anti-tarnish agent. Such 
silver tarnish inhibitors are well-known to those skilled in the art and include those described 
above. The silver deposit may be contacted with the tarnish inhibitor by any suitable means, 
such as dipping, spraying, and flood coating. The use of a tarnish inhibitor subsequent to plating 
is not required, but may optionally be used. Other conventional post-treatments may also be 
advantageously used. 

Silver layers having improved thickness uniformity, i.e. less variation in thickness, are 
provided by the present immersion plating baths, as compared to conventional immersion silver 
plating baths. Accordingly, the present invention provides a method for improving the thickness 
uniformity of a layer of silver deposited from an immersion silver plating bath including the 
steps of: a) providing an immersion silver plating bath including one or more sources of silver 
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ions, water, one or more complexing agents and one or more carboxylic acid-substituted 
nitrogen-containing heterocyclic compounds; and b) contacting a substrate having a metal layer 
that is less electropositive than silver with the immersion silver plating bath for a period of time 
sufficient to deposit a desired silver layer. 

The present invention is particularly suitable for use in the manufacture of a wide variety 
of electronic devices in addition to printed wiring boards, such as lead frames, semiconductor 
packaging, and lead-free solder bumps on wafers, such as tin-silver and tin-copper-silver solders. 

The following examples are expected to further illustrate various aspects of the present 
invention, but are not intended to limit the scope of the invention in any aspect. 

Example 1 rComparativel 

An immersion silver plating bath was prepared by combining 100 g/L nitrilotriacetic acid 
("NTA") and 1 g/L silver nitrate in deionized water (final volume 1L). The pH of the bath was 
adjusted to 9. The bath temperature was ca. 50 °C. 



Example 2 

The procedure of Example 1 was repeated, except that 1 g/L picolinic acid was also 
added to the composition to provide this Example. The pH was again adjusted to 9 and the bath 
temperature was ca. 50 °C. 



Example 3 

Copper panels (2x6 inches or 5 x 15 cm) were submerged in a commercially available 
acid cleaner to remove oxides and organic residues from the copper surface, followed by rinsing 
with water. The copper panels were next contacted with a commercially available sulfuric 
acid/hydrogen peroxide-based microetching composition to produce optimum copper surface 
uniformity and texture, followed by rinsing with water. After contact with the microetching 
composition, the copper panels were then submerged in either the silver plating bath of Example 
1 or Example 2 for 10 minutes. 
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The thickness of the resulting silver layer on the copper panels for each silver formulation 
was determined by X-ray fluorescence ("XRF") spectroscopy for a number of points on the 
panels and the data are reported as a range of thicknesses in Table 1. 



Table 1 



Bath Example 


NTA (g/L) 


Picolinic Acid (g/L) 


Thickness Range fyim) 


1 


100 


0 


0.26 - 0.70 


2 


100 


1 


0.15-0.22 



The data above clearly show that addition of picolinic acid to immersion silver plating 
baths has a dramatic effect on the thickness and uniformity of the resulting silver deposit. The 
deposits obtained are much more uniform than deposits obtained from immersion plating baths 
that do not contain picolinic acid. 



Example 4 

The procedure of Example 1 was repeated, except that 3, 5, 6, 8, and 10 g/L picolinic acid 
was also added to the compositions to provide Examples 4A, 4B, 4C, 4D, and 4E, respectively. 
The pH was again adjusted to 9 and the bath temperature was approximately 50 °C. 

Copper panels (2 x 6 inches or 5 x 1 5 cm) were cleaned and microetched according to the 
procedure of Example 3 and then submerged in the silver plating baths of this Example for 10 
minutes. The thickness of the resulting silver layer on the copper panels for each silver 
formulation was determined by XRF spectroscopy according to the procedure of Example 3 and 
the data are reported as thickness ranges in Table 2. 
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Table 2 



Bath Example 


NTA (g/L) 


Picolinic Acid (g/L) 


lnickness Range (nm) 


4A 


100 


3 


0.12-0.17 


4B 


100 


5 


0.085-0.12 


4C 


100 


6 


0.082-0.10 


4D 


100 


8 


0.059 - 0.078 


4E 


100 


10 


0.052 - 0.066 



The data above clearly show that the thickness and uniformity of a deposited silver layer 
can be controlled by incorporating selected amounts of picolinic acid into a silver immersion 
plating bath. The deposits obtained are significantly more uniform than deposits obtained from 
immersion plating baths not containing picolinic acid. 



Example 5 (Comparative) 

Immersion silver plating baths were as described in Example 1. To these solutions, 0.05 
and 0. 12 g/L 1 -hydroxybenzotriazole was added to provide Examples 5A and 5B, respectively. 
The solutions were diluted to a final volume with deionized water. The pH of the bath was 
adjusted to 9 and the bath temperature was approximately 50 °C. 



Example 6 

The procedure of Example 5 was repeated, except that picolinic acid was added to each 
of Examples 5A and 5B, Examples 6A and 6B, respectively. The amounts of picolinic acid were 
as shown in Table 3. The pH of the baths was adjusted to 9 and the temperature of the baths was 
approximately 50 °C. 

Copper panels (2 x 6 inches or 5 x 1 5 cm) were cleaned and microetched according to the 
procedure of Example 3 and were then submerged in the silver plating baths of Examples 5A, 
5B, 6A and 6B for 10 minutes. The thickness of the resulting silver layer on the copper panel's 
for each silver formulation was determined by XRF according to Example 3 panel and the data 
are reported as a thickness ranges in Table 3. 
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Table 3 



Bath Example 


NTA 
(g/L) 


Picolinic Acid 
(g/L) 


1 -Hydroxybenzotriazole 
(g/L) 


Thicknesss 
Range (^m) 


Appearance 


5A 


100 


0 


0.10 


0.13-0.26 


Dark brown 


5B 


100 


0 


0.12 


0.12-0.28 


Brown 


6A 


100 


5.14 


0.05 


0.061 -0.088 


Bright 


6B 


100 


2.99 


0.12k 


0.036 - 0.045 


Bright 



is non- 



Without the addition of picolinic acid, the deposited silver is dark and the plating i 
uniform. Addition of picolinic acid significantly improves the brightness and uniformity of the 
deposited silver. 



Example 7 (Comparative) 

The procedure for Example 1 was repeated, except that mercaptodiacetic acid was added 
to each bath to provide Examples 7A and 7B. The concentrations of additives are as noted in 
Table 4. The solutions were diluted to a final volume with deionized water. The pH of the bath 
was adjusted to 9 and the bath temperature was approximately 50 °C. 



Example 8 

The procedure of Example 7 was repeated, except that 6 g/L picolinic acid was also 
added to the compositions of Examples 7A and 7B to provide Examples 8 A and 8B, 
respectively. The pH was again adjusted to 9 and the bath temperature was approximately 50 °C. 

Copper panels (2 x 6 inches or 5 x 15 cm) were cleaned and microetched according to the 
procedure of Example 3 and were then submerged in either the silver plating baths of Example 7 
or Example 8 for 10 minutes. The thickness of the resulting silver layer on the copper panels for 
each silver formulation was determined by XRF according to Example 3 and the data are 
reported as a range of thicknesses in Table 4. 
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Table 4 



Bath Example 


NTA 
(g/L) 


Picolinic 
Acid (g/L) 


ivicic<ipiOUld,CeilC aClQ 

(g/L) 


Tnicknesss 
Range (jim) 


Appearance 


7A 


100 


0 


0.1 


0.23-0.51 


Yellowish 


7B 


100 


0 


1.0 


0.20 - 0.47 


Grey/brown 


8A 


100 


6 


O.lg 


0.075-0.11 


Bright 


8B 


100 


6 


l.Og 


0.080-0.15 


Bright 



Without the addition of picolinic acid, the deposited silver is dark and the plating 
uniform. Addition of picolinic acid significantly improves the brightness and thickness 
uniformity of the deposited silver. 



is non- 



Example 9 ^Comparative^ 

Three immersion silver plating baths were prepared by combining lOOg/L NTA and lg/L 
silver nitrate which was diluted to final volume (1L) with deionized water. These silver 
formulations, Examples 9A, 9B, and 9C also contained 1.0, 3.0, and 5.0 g/L L-glutamic acid, 
respectively. The pH of the baths was adjusted to 9 and the temperature of the baths was 
approximately 50 °C. 



Example 10 

The procedure of Example 9 was repeated, except that 6 g/L picolinic acid was also 
added to each of the compositions to provide Examples 10A, 10B, and 10C, respectively. The 
pH was again adjusted to 9 and the bath temperature was approximately 50 °C. 

Copper panels (2 x 6 inches or 5 x 15 cm) were cleaned and microetched according to the 
procedure of Example 2 and were then submerged in either the silver plating baths of Example 9 
or Example lOfor lOminutes. The thickness ofthe resulting silver layer on the copper panels 
for each silver formulation was determined by XRF according to Example 3 and the data i 
reported as thickness ranges in Table 5. 



Is 
are 
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Table 5 



Bath Example 



9A 
9B 
9C 
10A 
10B 
IOC 



NTA Picolinic 
(g/L) Add W 



100 
100 
100 
100 
100 
100 



0 
0 
0 
6 
6 
6 



L-Glutamic Acid 

Ml. 



1.0 

3.0 
5.0 
1.0 
3.0 
5.0 



Thicknesss Range 
(Mm) 



Appearance 



0.16 


-0.30 


Brown 


0.11 


-0.29 


Brown 


0.11 


-0.24 


Brown 


0.10 


-0.15 


Bright 


0.081 


-0.15 


Bright 


0.099 


-0.15 


Bright 



Without the addition of picolinic acid, the deposited silver is dark and the plating 
uniform. Addition of picolinic acid significantly improves the brightness and thickness 
uniformity of the deposited silver. 



is non- 



Example 1 1 



A number of plating baths are prepared by the procedure of Example 2 except that the 
picolinic acid is replaced with one of the compounds in the amount shown in Table 6. 



Table 6 



Compound 


Amount (p/L) 


Nicotinic acid 


2 


Isonicotinic acid 


15 


Quinolinic acid 


1 


Fusaric acid 


0.5 


Isonipecotic acid 


20 


Nipecotic acid 


6 


2,6-pyridine dicarboxylic acid 


18 


Piperazine-2-carboxylic acid 


12 


Pyrrole-2-carboxylic acid 


9 


Pipecolinic acid 


5 
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Example 1 2 



Copper panels are cleaned and tnicroetched aeeording ,„ the procedure of Examp.e 3, and 
are ,he„ ,o be contacted with the P .a.ing baths of Example 11, to deposit a layer of silver. 
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